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SLOTTED SUBSTRATE AND METHOD OF MAKING 

RELATED CASES 
[0001] This patent application is a divisional claiming priority from a 
patent application having serial number 10/210,727 titled "Slotted Substrate and 
Method of Making" filed 7/31/2002, and issued as patent number . 

BACKGROUND 

[0002] Inkjet printers and other electronic printing devices have become 

ubiquitous in society. These printing devices can utilize a slotted substrate to 
deliver ink in the printing process. Such printing devices can provide many 
desirable characteristics at an affordable price. However, the desire for ever more 
features at ever-lower prices continues to press manufacturers to improve 
efficiencies. 

[0003] One way of meeting consumer demands is by improving the slotted 

substrates that are incorporated into print head dies, fluid ejecting devices, 
printers, and other printing devices. Currently, the slotted substrates can have a 
propensity to crack and ultimately break. Cracking of the substrate and ultimately 
the print head die increases production costs as a result of lower yields and 
decreases product reliability. 
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[0004] Accordingly, the present invention arose out of a desire to provide 

slotted substrates having desirable characteristics. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] The same components are used throughout the drawings to reference 

like features and components. 

[0006] Fig. 1 shows a front elevational view of an exemplary printer. 

[0007] Fig. 2 shows a perspective view of a print cartridge in accordance 

with one exemplary embodiment. 

[0008] Fig. 3 shows a cross-sectional view of a top portion of a print 

cartridge in accordance with one exemplary embodiment. 
[0009] Fig. 4 shows a perspective view of a prior art substrate. 

[00010] Fig. 4a shows an expanded view of a portion of the prior art 

substrate shown in Fig. 4. 

[00011] Fig. 5 shows a perspective view of an exemplary substrate in 

accordance with one exemplary embodiment. 

[00012] Fig. 5a shows an expanded view of a portion of the exemplary 

substrate shown in Fig. 5. 

[00013] Figs. 5b-5f show cross-sectional views of the exemplary substrate 

shown in Fig. 5. 

[00014] Fig. 6 shows a top view of an exemplary substrate in accordance 

with one exemplary embodiment. 

[00015] Fig. 6a shows a cross-sectional view of the exemplary substrate 

shown in Fig. 6. 
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[00016] Fig. 7 shows a top view of an exemplary substrate in accordance 

with one exemplary embodiment. 

[00017] Fig. 7a shows a cross-sectional view of the exemplary substrate 

shown in Fig. 7. 

[00018] Figs. 8-10 show cross-sectional views of an exemplary substrate in 

accordance with one embodiment. 

[00019] Fig. 1 1 shows a top view of an exemplary print head in accordance 

with one exemplary embodiment. 



DETAILED DESCRIPTION 

OVERVIEW 

[00020] The embodiments described below pertain to methods and systems 

for forming slots in a substrate. Several embodiments of this process will be 
described in the context of forming fluid feed slots in a substrate that can be 
incorporated into a print head die or other fluid ejecting device. 
[00021] As commonly used in print head dies, the substrate can comprise a 

semiconductor substrate that can have microelectronics incorporated within, 
deposited over, and/or supported by the substrate on a thin-film surface that can 
be opposite a back surface or backside. The fluid- feed slot(s) can allow fluid, 
commonly ink, to be supplied from an ink supply or reservoir to fluid ejecting 
elements contained in ejection chambers within the print head die. 
[00022] In some embodiments, this can be accomplished by connecting the 

fluid- feed slot to one or more ink feed passageways, each of which can supply an 
individual ejection chamber. The fluid ejecting elements in Thermal Inkjet (TIJ) 
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devices commonly comprise heating elements or firing resistors that heat fluid 
causing increased pressure through rapid explosive boiling in the ejection 
chamber. A portion of that fluid can be ejected through a firing nozzle; the 
ejected fluid is subsequently replaced by fluid supplied from the reservoir that 
passes through the fluid-feed slot. 

[00023] The fluid-feed slots can be configured to reduce stress 

concentrations on substrate material in and around the slots of the slotted 
substrate. In some embodiments, the slots can comprise a central region and at 
least one terminal region joined with the central region. In other embodiments, 
the terminal region can be defined, at least in part, by a bowl-shaped portion. In 
some of these embodiments, the bowl-shaped portion can have a diameter at a 
first surface of the substrate that is greater than a width of the central region at the 
first surface. The increased width of the terminal region can reduce areas of stress 
concentration by distributing stresses over a greater amount of substrate material. 
Other exemplary embodiments can utilize terminal regions having various other 
shapes that can reduce stress concentrations, especially at, or proximate to, the 
first and/or second surfaces of the substrate. The various slot configurations can 
among other attributes provide desired fluid flow characteristics and minimize 
stress concentration, while resulting in a stronger, more robust slotted substrate 
that is less prone to cracking. 



EXEMPLARY PRINTER SYSTEM 
[00024] Fig. 1 shows one embodiment of a printer 100 that can utilize an 

exemplary slotted substrate. The printer shown here is embodied in the form of 
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an inkjet printer. The printer 100 can be, but need not be, representative of an 
inkjet printer series manufactured by the Hewlett-Packard Company under the 
trademark "DeskJet". The printer 100 can be capable of printing in black-and- 
white and/or in black-and-white as well as color. The term "printer" refers to any 
type of printer or printing device that ejects fluid such as ink or other pigmented 
materials onto a print media. Though an inkjet printer is shown for exemplary 
purposes, it is noted that aspects of the described embodiments can be 
implemented in other forms of image forming devices that employ slotted 
substrates, such as facsimile machines, photocopiers, and other fluid ejecting 
devices. 

EXEMPLARY EMBODIMENTS AND METHODS 
[00025] Fig. 2 shows an exemplary print cartridge 242. The print cartridge 

is comprised of the print head 244 and the cartridge body 246. Other exemplary 
configurations will be recognized by those of skill in the art. 
[00026] Fig. 3 shows a cross-sectional representation of a portion of the 

exemplary print cartridge 242 shown in Fig. 2. It shows the cartridge body 246 
containing fluid 302 for supply to the print head 244. In this embodiment, the 
print cartridge is configured to supply one color of fluid or ink to the print head. 
In other embodiments, as described above, other exemplary print cartridges can 
supply multiple colors and/or black ink to a single print head. Other printers can 
utilize multiple print cartridges each of which can supply a single color or black 
ink. In this embodiment, a number of different fluid- feed slots ("slots") are 
provided, with three exemplary slots being shown at 303, 304, and 305. Other 
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exemplary embodiments can divide the fluid supply so that each of the three slots 
(303-305) receives a separate fluid supply. Other exemplary print heads can 
utilize fewer or more slots than the three shown here. 

[00027] The various slots 303-305 pass through portions of a substrate 308. 

In this exemplary embodiment, silicon can be a suitable substrate. In some 
embodiments, substrate 308 comprises a crystalline substrate such as 
monocrystalline silicon or polycrystalline silicon. Examples of other suitable 
substrates include, among others, gallium arsenide, glass, silica, ceramics, or 
other semi-conducting material. Suitable substrates are commonly brittle 
materials for which stress concentration and profiles of slots can determine, at 
least in part, the strength of a part and its resistance to cracking. The substrate 
308 can comprise various configurations as will be recognized by one of skill in 
the art. 

[00028] The exemplary embodiments can utilize substrate thicknesses 

ranging from less than 100 microns to more than 2000 microns. One exemplary 
embodiment can utilize a substrate that is approximately 675 microns thick. 
[00029] The functions of the substrate 308 can include mechanical (support), 

hydraulic (fluid delivery), and active electronic, among others. The substrate has 
a first surface 310 and a second surface 312. Positioned above the substrate are 
the independently controllable fluid ejecting elements or fluid drop generators that 
in this embodiment comprise firing resistors 314 that are used to heat ink. In this 
exemplary embodiment, the firing resistors 314 are part of a stack of thin film 
layers on top of the substrate 308. The thin film layers can further comprise a 
barrier layer 316. 
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[00030] The barrier layer can comprise, among other things, a photo resist 

polymer substrate. Above the barrier layer is an orifice plate 318 that can 
comprise, but is not limited to a thin nickel structure. The orifice plate can have a 
plurality of nozzles 319 through which fluid heated by the various firing resistors 
314 can be ejected for printing on a print media (not shown). The various layers 
can be formed, deposited, or attached upon the preceding layers. The 
configuration given here is but one possible configuration. For example, in an 
alternative embodiment, the orifices or nozzles and the barrier layer are integral. 
[00031] The exemplary print cartridge shown in Figs. 2 and 3 is upside down 

from the common orientation during usage. When positioned for use, fluid 302 
can flow from the cartridge body 246 into one or more of the slots 303-305. From 
the slots, the fluid can travel through a fluid feed passageway 320 that leads to an 
ejection chamber 322. 

[00032] Fig. 4 shows a prior art substrate 308a that has three slots 403, 404 

and 405 formed therein. Individual slots can have a generally rectangular 
configuration when viewed from above a first surface 3 10a of the substrate. Each 
slot can have two sidewalls, designated "k" and "1" and two end walls, designated 
"m" and "n". The generally rectangular slot configuration does not optimally 
distribute stresses; under loading configurations. Instead stresses may be 
concentrated in the substrate material at the ends of the slots (403-405). The 
stress concentration can be particularly acute in the substrate material at a region 
or corner where a sidewall meets an end wall. One of these corners is designated 
as 412. 
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[00033] Fig. 4a shows an expanded view of corner 412. The end wall 403n 

is generally perpendicular to the sidewall 403k, and the intersection of the two 
walls can form an approximately 90-degree corner. Some slots can be slightly 
rounded at the corners (as shown in dashed lines), but still maintain the general 
configuration. A moderate load applied to this configuration can result in a 
relatively high state of stress in substrate material proximate a corner region of the 
slot. For example, Fig. 4a shows such substrate material indicated generally at 
414. The stress levels at such regions can locally exceed the fracture limit of the 
substrate material and can cause cracking. The concentration of stress, and hence 
the probability of crack propagation, can be greatest for the substrate material 414 
that is near the first surface 310a or second surface 312 (shown Fig. 3). 
[00034] The portion of the substrate material 414 at, or proximate to, the 

first or second surfaces can be subject to high stress owing to the slot geometry 
and combination of compressive, tensional, and/or torsional forces, among others. 
Applied loads, in combination with the geometry of the corner regions, such as 
414, can lead to crack initiation at these sites. Such cracks, once initiated, can 
propagate and ultimately cause failure of the substrate 308a. Since the slotted 
substrate is commonly incorporated into a print cartridge or other fluid ejecting 
device, a failure of the substrate can cause the entire component to fail. 
[00035] Fig. 5 shows a perspective view of an exemplary slotted substrate 
308b that can have a reduced propensity to crack. The substrate has three 
exemplary ink feed slots (503, 504, and 505) received in a first surface 310b of 
the substrate. In various embodiments, the first surface can comprise a thin-film 
surface or backside surface among others. In some of these embodiments, 
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individual slots can have features which can reduce the substrate's propensity to 
crack as will be discussed in more detail below. 

[00036] Individual slots 503-505 can have a central region designated "a" 
and at least one terminal region. As shown in this embodiment, each slot has two 
terminal regions designated "b" and "c". Other exemplary embodiments can have 
more, or less, terminal regions, some examples of which will be discussed in more 
detail below. 

[00037] Fig. 5a shows an expanded cut-away view of a portion of the 

substrate 308b shown in Fig. 5. Looking specifically at slot 505, the cutaway 
view shows a portion of the central region 505a joined with the terminal region 
505b. The terminal region, shown in this embodiment, comprises a bowl-shape, 
which is but one possible configuration. Other embodiments can utilize terminal 
regions that are generally conical, pyramidal, and frusto-pyramidal among others. 
In this embodiment, the surface of the terminal regions is blended or rounded into 
the first surface. ("Blend" as used here, means that a sharp edge has been 
rounded). Other exemplary embodiments can have terminal regions with a 
chamfered profile at the surface-to-slot wall junction and can thereby form a 
distinct border with a surface of the substrate. 

[00038] A bowl-shaped terminal region(s) can comprise a hemisphere, or a 
frusto-conical shape, among others. This exemplary slot configuration can reduce 
stress concentrations on regions of the substrate proximate a slot. The exemplary 
embodiments can be especially effective at reducing stress concentrations on 
regions of the substrate proximate a first or second surface of the substrate and a 
slot. This can be achieved, at least in part, by expanding a width or diameter of 
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the terminal region relative to the central region, thereby avoiding small radii of 
curvature in the slotted substrate. Such an expanded terminal region can spread 
any stress forces out over a greater area of the substrate material and thus reducing 
regions of stress concentration. 

[00039] Fig. 5b shows a cross-sectional view of substrate 308b. The view is 

taken along the long axis of slot 504, as shown in Fig. 5. The view is generally 
orthogonal to the first surface 310b. A central region 504a of slot 504 is formed 
through a thickness / of the substrate extending between the first surface 310b and 
a second surface 3 12b. As shown here, most of the central region 504a extends 
through the thickness / of the substrate. Other exemplary embodiments can have 
less or more of the central region extending through the substrate's thickness. 
[00040] Two terminal regions (504b and 504c) can be seen at opposite ends 

of the slot 504. As shown here, individual terminal regions do not extend through 
the entire thickness t of the slot. In this embodiment, the terminal regions pass 
through approximately 25 percent of the slot. Other exemplary embodiments can 
pass through less or more of the thickness of the slot. Some exemplary terminal 
regions can pass through a range of about 1 percent to about 1 00 percent of the 
slot's thickness. For example, some exemplary embodiments can have individual 
terminal regions that pass through about 10 percent to about 40 percent of a 
substrate's thickness. As shown in Fig. 5b, each of the two terminal regions 
(504b and 504c) passes through an essentially equivalent percentage of the 
substrate 308b, however, such need not be the case. 

[00041] Fig. 5c shows another cross-section taken through the substrate 

308b as shown in Fig. 5. In this figure, the cross-section is generally transverse a 
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long axis of an individual slot (503, 504, and 505) and orthogonal to the first 
surface 310b. This cross-section shows three terminal regions 503c, 504c, and 
505c of this exemplary slotted substrate 308b. 

[00042] Individual terminal regions can have many suitable configurations 

or shapes as discussed above. In this embodiment, the terminal regions each have 
a generally bowl-shaped configuration. The bowl-shape has a central axis c that 
in this embodiment can extend generally orthogonally to the substrate's first 
surface 3 10b, though such need not be the case. The bowl's perimeter can be 
defined, at least in part, by multiple radii each of which has a focus on the central 
axis c. In this orientation, the bowl's perimeter can be largest at the substrate's 
first surface as shown at r^ The bowl's perimeter can become progressively 
smaller as shown at r 2 and r 3 respectively as the bowl extends into the substrate 
308b. 

[00043] In this embodiment, the central axis of the terminal region 503 c 

passes through the long axis of the slot 503, however, such need not be the case, 
and other exemplary embodiments can be offset or have other configurations. 
[00044] Figs. 5d and 5e show further cross-sections of the substrate 308b 

taken at different elevational levels through the substrate and generally parallel to 
the first surface 310b (shown Fig. 5). As shown in these embodiments, the cross- 
sectional shape of individual slots (503-505) can vary as the slot passes through 
the substrate. Fig. 5d shows a first cross-section 520 where individual slots have a 
first shape 522. In this embodiment, the first shape 522 approximates a rectangle. 
Other exemplary embodiments can approximate a rectangle that has rounded 
comers, while others may be ellipsoidal, among others. 
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[00045] Fig. 5e shows a second cross-section 524 of the substrate 308b. The 

second cross-section 524 is elevationally spaced from the first cross-section 520 
of Fig. 5d. In this example, the second cross-section 524 comprises a second 
shape 526. In this exemplary embodiment, the second shape 526 can comprise a 
central region "a" and at least one terminal region joined with the central region. 
Here, there are two terminal regions "b" and "c". Individual terminal regions can 
approximate many suitable geometric shapes, including elliptical shapes, circular 
shapes, rectangular shapes, and square shapes, among others. Some of these are 
described in more detail above and below. As shown here, the terminal regions 
are generally elliptical and approximate circles. 

[00046] Fig. 5f shows an expanded view of a portion of the cross-section of 

slot 503, as shown in Fig. 5e. In this embodiment, the terminal region 503b can 
have a diameter d transverse a long axis x of the slot 503, where the diameter can 
be greater than the width w of the central region 503a. 

[00047] The various exemplary embodiments can be utilized with a wide 

variety of slot dimensions. In some embodiments, the width w of a slot as 
measured at the central region can be less than about 50 microns. Other 
embodiments can have a width of more than about 1000 microns. Various other 
embodiments can have a width ranging between these values. In some 
embodiments, the width can be about 80-130 microns, with one embodiment 
having a width of about 100 microns. The total length of a slot, including the 
central and terminal regions can be from less than about 300 microns to about 
25,000 microns or more. 



10015382-4 14 

[00048] Fig. 6 shows a further exemplary slotted substrate 308c in 

accordance with another embodiment. Fig. 6 shows a top view of a first surface 
310c of the substrate 308c. The substrate has four slots formed therein (603, 604, 
605, and 606). The slots are generally labeled according to the nomenclature 
assigned in relation to Fig. 5. 

[00049] Fig. 6a shows a cross-section of the substrate 308c shown in Fig. 6 

and shows the central region 604a of slot 604 joined with two terminal regions 
"b" and "c" at the first surface 310c and two terminal regions "d" and "e" at the 
second surface 3 12c. This configuration can reduce crack initiation at both the 
first and second surfaces of the substrate. In this embodiment, the terminal 
regions at one end of a slot do not contact one another. For example, terminal 
region 604b and terminal region 604d are separated by substrate material 630 
defining the central region 604a. In other exemplary embodiments, the terminal 
regions can contact or overlap one another. 

[00050] Fig. 7 shows a first surface 3 lOd of another exemplary slotted 

substrate 308d. This exemplary embodiment shows three slots (703, 704 and 705) 
formed in the substrate. The slots are labeled according to the nomenclature 
assigned in relation to Fig. 5. 

[00051] Fig. 7a shows a cross-sectional view of the slotted substrate shown 

in Fig. 7. The cross-section is taken through the central region ("a") of the slots 
(703, 704, and 705). In the embodiment shown here, individual slots can 
comprise a first portion formed in the substrate. An example of such a first 
portion can be seen generally at 710. In some embodiments, the first portion 710 
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can have sidewalls that are, at least in part, orthogonal to the first surface 310d. 
Individual slots can also comprise a second portion shown generally at 712. 
[00052] In the embodiment shown in Fig. 7a, the second portion 712 is 

chamfered relative to the first portion 710 and the first 310d or second 31 2d 
surface. In some embodiments, the chamfering can form a surface that is oblique 
relative to the first surface. In one embodiment, the chamfered surface is also 
oblique to the sidewalls of the first portion 710. The chamfered areas can, in 
some embodiments, be formed around the entire perimeter of an individual slot, 
though such need not be the case. 

[00053] In some embodiments, the chamfered areas of the central region can 

match the angle or contour of one or more of the terminal regions at the first 
surface. In still other embodiments, the chamfered configuration can be applied to 
the entire slot at a first and/or second surface of the substrate. Such a 
configuration can further decrease the total area subject to high stress 
concentration that can be prone to fracture. Other exemplary embodiments can 
achieve similar desirable results by rounding or blending rather than, or in 
addition to, chamfering. 

[00054] Figs. 8-10 show cross-sectional views of an exemplary substrate in 

accordance with one embodiment. Fig. 8 shows a cross-section of another 
exemplary slotted substrate 308e taken transverse a long axis of individual slots 
(803-804) formed therein. The cross section passes through a central region of the 
slots. The slots (803 and 804) can be defined, at least in part, by one or more 
sidewalls. In this embodiment there is a pair of sidewalls designated "r" and "s". 
As shown here, the sidewalls (803r-s and 804r-s) are generally planar though such 
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need not be the case. In this embodiment, the sidewalls are non-parallel. In other 
embodiments, some of which are described above and below, the sidewalls can be 
generally parallel and can be formed generally orthogonal to a first surface 310e 
of the substrate. 

[00055] Exemplary slots can be formed utilizing a variety of slot formation 

techniques. Such techniques can include one or more of laser machining, sand 
drilling, mechanically removing, and etching. Mechanically removing can 
include various techniques such as drilling and cutting or sawing, among others. 
Etching can include dry etching and wet etching among others. A single 
technique can be used to form the slots or a combination of techniques can be 
used. 

[00056] Fig. 9 shows the substrate 308e from Fig. 8, where additional 

substrate material has been removed (shown generally at 901, among others). In 
some embodiments, additional substrate material can be removed at the ends of a 
slot. When utilized at a slot end, such techniques can form, at least in part, a 
terminal region of the slot. Various suitable techniques can be used to remove the 
additional substrate material. Such techniques can include, but are not limited to, 
laser machining, etching, and mechanically removing. 

[00057] In the example shown here, mechanically removing comprises 

removing substrate material with drill bits 902 and 904. In this embodiment, the 
slots (803 and 804) were formed, and then additional substrate material is 
removed to form the desired slot shape. In other embodiments, the order of 
removal can be reversed. 
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[00058] In another example, a drill bit, such as 902, can be run around the 

perimeter of the slot to form the desired shape or configuration. Alternatively, a 
drill bit, such as 904, can be received or advanced into the substrate and moved 
horizontally along a long axis of the slot. This technique can be used to form a 
surface that is oblique to the first or second surfaces. In a further example, a drill 
bit, such as 904, can remove substrate material along a substrate surface from both 
sides of a slot at the same time. For example, in Fig. 9, drill bit 904 can remove 
substrate material from both sides of the slot 804 at surface 312e. In some 
embodiments, if a single drill bit is used to remove the additional substrate 
material, one surface, such as 3 12e, can be completed. Either or both the substrate 
and/or drill bit can then be repositioned to complete the second surface. 
[00059] In one embodiment, a drill bit, such as 904, can be received 

vertically into the substrate at one end of a slot. The drill bit can remove substrate 
material to form a first terminal region of the slot. The drill bit can subsequently 
be moved horizontally along a slot length to a second opposite end where it can 
form a second terminal region before being removed from the substrate. A 
suitable drill bit can be utilized that will form a chamfered and/or rounded profile 
as desired. Suitable drill bits can have various dimensions and/or configurations 
as desired. Suitable drill bits are available from various sources including OSG 
Tap & Die, INC. 

[00060] Fig. 10 shows the substrate 308e having rounded or blended 

portions 901, 1001, 1002, and 1003 at both the first 310e and second 312e 
surfaces of slot 804. This exemplary embodiment can reduce the slotted 
substrate's propensity to crack by among other things dispersing stress forces 



10015382-4 18 

experienced by particular regions of the substrate material. Various other suitable 
configurations can also be formed, some of which are described above and below. 
[00061] Fig. 1 1 shows a view from above an orifice plate 318a that contains 

multiple nozzles 319a. The orifice plate 318a is positioned over and essentially 
parallel to a substrate's first surface (not shown, see Fig. 3). Several underlying 
structures can be seen in dashed lines. The underlying features can include three 
slots (1 103, 1 104 and 1 105), multiple ink feed passageways (feed channels) 320a, 
and multiple firing chambers 322a. The outline of the slots 1 103-1 105 shown 
here represents an exemplary slot configuration at a first surface of the substrate. 
These underlying structures can ultimately supply ink (not shown) that can be 
ejected through the nozzles 319a in the orifice plate 318a. Though this 
embodiment shows the firing chambers 322a and corresponding nozzles 319a 
being approximately equal distances from the slot, other exemplary configurations 
can use, among others, a staggered configuration that can enable denser packing 
of firing chambers to be positioned along a given slot length. 
[00062] As shown in this embodiment, the slots can comprise a central 

region "a" and two terminal regions "b" and "c" consistent with the nomenclature 
described above. For example, slot 1 103 can comprise a central region 1 103a and 
two terminal regions 1 103b and 1 103c. 

[00063] In this embodiment, individual terminal regions can have a 

generally pyramidal shape that is represented here by a square shape at the 
substrate's first surface. The rectangular central region can have a width w x that is 
less than a width w 2 of the terminal region where the width of the terminal region 
is taken along a direction essentially parallel to a direction along which the width 
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of the central region is taken. In this embodiment the terminal regions were 
formed by laser machining, though other suitable processes can be utilized. 
[00064] As shown in this embodiment, the firing chambers are positioned 

only proximate to the central region of the slots, though other exemplary 
embodiments can position firing chambers around more or less of the total 
perimeter of an individual slot. 

[00065] Though the embodiments described so far have had terminal regions 

that are geometrically similar, other exemplary embodiments can have other 
configurations. For example, an exemplary slot can have one terminal region that 
is generally bowl-shaped and an opposing terminal end that is generally 
pyramidal. Alternatively or additionally, the terminal regions can have many 
exemplary geometrical shapes or configurations beyond those shown here. 
Further, although the illustrated embodiments show the terminal regions to be 
generally centered along a long axis of the slot such need not be the case. For 
example, other exemplary embodiments can have one or more terminal regions 
that are offset from the long axis of the slot. 



CONCLUSION 

[00066] The described embodiments can provide a slotted substrate that can 

have a reduced propensity to crack. The slotted substrate can be incorporated into 
a print head die and/or other fluid ejecting devices. The exemplary slots can 
supply ink to firing chambers positioned proximate the slot. The tailored 
topology of these exemplary slots can reduce stress concentrations that can cause 
substrate cracking and ultimately lead to a failure of the die. By reducing the 
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propensity for the substrate to crack, the described embodiments can contribute to 
a higher quality, stronger, more robust, less expensive product. 
[00067] Although the invention has been described in language specific to 

structural features and methodological steps, it is to be understood that the 
invention defined in the appended claims is not necessarily limited to the specific 
features or steps described. Rather, the specific features and steps are disclosed as 
preferred forms of implementing the claimed invention. 



